The balancing operation consists in improving the distribution of the rotor masses so that the free centrifugal forces around the rotor axis, imposed by the manufacturer, do not exceed the tolerances allowed by the standards. In this paper we propose algorithms for the distribution of the turbine blades from data from an electronic scale which allows to measure the static moment of the blades, these algorithms aim to find the correction weight and the angle of position of the correction mass, we also propose a simulation of the distribution of the blades of a turbine to get an idea on the assembly. This operation is necessary in the case of a repair of the rotors or in the assembly of the new flexible rotors. Using a MATLAB calculation code.
INTRODUCTION
Turbines play very important roles in the industry and are used primarily to produce electric power, which is achieved by gas turbines or steam turbines. The use of a turbine, like any rotating power machine, must include a scheduled program of periodic inspections, repair and replacement of defective parts to ensure maximum machine reliability.
The many problems of intervention are found at the level of the rotating machines which have a relation with the balancing process which is considered at this moment very necessary for the practice of all the rotors, whether to extend the life of the machine, which imposes the optimization of the exploitation and the quality of productions. Balancing is a process of controlling the mass distribution of a rotor and improving it to maintain the forces and vibrations caused by unbalance within acceptable limits [1] [2] [3] [4] [5] .
Rotor balancing is a fundamental requirement for the smooth operation of turbo machinery. Ideally, in the operation of all rotating machinery, the inertia axis of the rotor lies along the rotor spin axis. In actuality, this does not occur, and centrifugal forces and moments are generated which can result in high forces transmitted to the bearings and the supporting structure. Excessive rotor unbalance may lead to large amplitudes of motion or even failure of the shaft, bearings, and the foundation. Unbalance and shaft misalignment are recognized as two of the major factors that can lead to machinery malfunction and even catastrophic failure. [6] .
The distribution of blades on the rotor of a turbine is a fundamental element for the balancing behavior of this rotor, how can we develop predictive maintenance with a new solution. Because of the strong requirements of reliability, safety, and maintenance of this equipment, manufacturers must have tools to ensure the proper functioning of these machines. [7] [8] [9] [10] .
Several authors have begun work on balancing rotors, Van de Vegte has presented a concept of automatic rotor balancing [11] [12] [13] , there is also more or less rational designs of the control mechanisms, allowing at least theoretical implementation of the process [14] [15] [16] [17] [18] were developed. The tests on automatic balancing were performed by Sperling et al [19, 20] , Chung et al [21] , Cade [22] , Lee and Van Moorhem [23] .
In this work, we focus on static balancing turbine rotors; our contribution is to develop a calculation code on MATLAB which is based on six distribution algorithms to make a graphical simulation of the repair of the blade to calculate the mass to add and the position of the correction angle to minimize unbalance. These two parameters (the mass to be added and the position of the correction angle) make it easier to mount blades in a new rotor DIAGNOSTYKA, Vol. 20, No. 4 (2019) Amroune S, Belaadi A, Menasri N, Zaoui M, Mohamad B, Amin H.: New approach for computer-aided … 96 before operation or during a scheduled service overhaul.
EXPERIMENTAL TECHNIQUES

Measurement of static moments
Before starting the assembly of the blades of a rotor wheel of a turbine (Figure 1 ), we proceed to the numbering of the blades one by one knowing that we have in this study, three series of 40, 70 and 120 blades, then we go to the measurement of the static moments of the three series of blades with the help of an electronic scale type WM (Figure 2 ), the latter gives us values with an accuracy of the order of 0.001g.mm. The data acquired by the balance is stored in a database, either directly on a microcomputer, if the scale is connected to a PC or the values are noted on a sheet of paper in the form of a table for later use in a Matlab calculation code using a well-chosen algorithm that gives us the best result in terms of correction mass and correction angle. One possibility of correction is to move the axis of rotation of the rotor towards the axis of inertia. This procedure -called mass centering -is sometimes used when balancing in one or two planes. The rotor is first positioned in any way, the unbalance is determined with respect to the axis of rotation thus defined, then the rotor is moved during the rotation so that the two axes coincide, and the center point is then executed. When other elements of the rotor are then machined (centering, bearing seats, etc.), the new unbalance thus created must be compensated. The most common approach, however, is to bring the axis of inertia of the axis of rotation of the rotor by removal, displacement or addition of material. The unbalance of the rotor system is the product of the rotor mass, M, and the distance, r. When this product exceeds commended amount, the rotor is said to be unbalanced, to calculate this mass and the positioning angle of the mass of correction one uses two methods:
Analytical method
The analytical method consists of calculating the static moments M i and decomposing on the x and y axes (Figure 3 ). The values of the static moments and their projections on the x and y axes are grouped together in Table 1 . We assume that: n: the number of blades. M: the value of the static moment. : Angle (the position of the correction mass relative to the rotating mark reference)
Graphical method
The graphical method consists in choosing a well-defined scale then, we draw parallels to the moment vectors of each blade, and the established condition must be the parallelogram must close (Figure 4 ). For our case we use the analytical method because it is very simple to integrate mathematical formulas on a computer program, on the other hand if we use the graphical method for cases where there is a large number of blades in a wheel of the turbine, the representation will be complicated.
RESULTS AND DISCUSSIONS
To balance such a turbine rotor, it is necessary to reduce its centre of gravity on the axis of rotation by placing a balancing mass opposite the centre of gravity with respect to the axis of rotation, to find this mass will require to make several tests with masses of different value, To achieve this objective, the data that is acquired by the electronic balance according to a preselected algorithm is entered, the blade distribution algorithms are shown in ( fig. 5afig 5f) . These algorithms are integrated in the MATLAB computation code which helps us to solve the rotor unbalance problem. Fig 5a show that the assembly of the blades follows a distribution that divides the wheel into two decreasing sectors, that is to say, divide the number of blades (N) by two, the maximum value of the moment m1 (max) occupies the first position N (90°), then the second value m2 (max) occupies the position N / 2 + 1 (270°). The assembly of the blades on the wheel of a rotor of a turbine will be as follows, a decreasing sector alternating heavy blades and light blades (Figure 5b ).
On this algorithm (figure 5c) the distribution of the blades will be on two decreasing sectors and alternating heavy blades and light blades. The algorithm 4 which is represented in Fig. 5d shows that there are 4 decreasing sectors by alternating heavy blades (the maximum value of the static momentum) and light blades (the maximum value of the static momentum). Algorithm no. 5 shown in Figure 5e shows that the assembly of the blades follows a distribution that divides the wheel into four decreasing sectors clockwise. Fig. 5f shows that the assembly of the blades follows a distribution which divides the wheel into three decreasing sectors by alternating heavy blades and light blades. Table 2 groups the values of the unbalances (correction masses) and the positions of the correction angles obtained from the MATLAB calculation code using the formulas of equations (1) and (2) . These values represent the three series of our study (20, 70 and 120 blades). The reading of this table shows that the minimum values of the static moments to correct the unbalance of the rotors which contain 20, 70 and 120 blades are obtained respectively by applying the algorithms 3, 4 and 6. Fig. 6 shows each bar which represents the position of a blade in the impeller wheel of the turbine, this representation makes it possible to simulate the mounting of the blades of a rotor wheel of the turbine. Note that each bar has a length that corresponds to the value of the static moment.
From the results given and the figures recorded during the programming, with six algorithms for this study. We draw directly the corrections of the masses and their angles which are translated by the following modules and phases using the formula of the equations 1 and 2. The values found in Tables 2 are summarized. The reading of this table shows that the masses of the corrections obtained belong to the admissible range.
CONCLUSION
Through this study which allowed us to make experimental tests which aim at optimizing a distribution of the blades of a stage of the rotors of the turbines in order to reduce the mass of correction (unbalance) and to find the angle of positioning of this mass of correction. We then made the choice of the different predetermined distribution algorithms. Then, we analysed the possibilities of distribution of the vanes with a MATLAB code.
The results obtained with the MATLAB program give an idea of the value of the correction mass that must be added to have a balance of the rotor and the positioning angle of this mass. For the rotors which contain 20, 70 and 120 blades the algorithms 3, 4 and 6 respectively give smaller correction masses compared to the other algorithms. Finally, this calculation code can be applied in the industry that uses turbine rotors to produce electricity as well as maintenance workshops for industrial equipment.
